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(57) ABSTRACT 

A composite material includes a ceramic matrix and tWo 
different fractions of ?ber bundles, namely a reinforcing 
?ber bundle fraction and a matrix ?ber bundle fraction 
having different average ?ber bundle lengths. The fractions 
of ?ber bundles are separated in a total ?ber bundle distri 
bution relative to a ?ber bundle length by a minimum. A 
method for manufacturing a composite material and a 
method for manufacturing elements formed of a composite 
material are also provided. 

22 Claims, 6 Drawing Sheets 
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FIBER-BUNDLE-REINFORCED COMPOSITE 
MATERIAL HAVING A CERAMIC MATRIX, 

METHOD FOR MANUFACTURING A 
COMPOSITE MATERIAL AND METHOD 
FOR MANUFACTURING ELEMENTS 

FORMED OF A COMPOSITE MATERIAL 

BACKGROUND OF THE INVENTION 

Field of the Invention 
The present invention relates to a neW ?ber-bundle 

reinforced composite material having a ceramic matrix, a 
method for manufacturing a composite material and a 
method for manufacturing elements formed of a composite 
material. 

Composite materials reinforced With high-temperature 
resistant ?bers and/or ?ber bundles, having a ceramic 
matrix, have been knoWn for about 10 years and are 
employed in many applications Where extremely great 
requirements are set for a material. Such requirements may 
be a great temperature resistance and simultaneous strength 
and ductility. 

The extent to Which the ?ber-reinforced and/or ?ber 
bundle-reinforced composite materials With a ceramic 
matrix, that are referred to beloW as CMC composite mate 
rials for short, can be used in the ?eld of applications for 
Which temperature resistance is required at high 
temperatures, depends not in the least on the structure of the 
matrix of the composite materials. As long as the matrix of 
the composite materials is composed of various phases, the 
matrix structure at the surface of the CMC composite 
materials can be damaged by eluting of a matrix phase Which 
melts at loWer temperatures and Which can be attacked by 
chemical processes such as oxidation, as a result of Which 
the period of use of the CMC composite materials is 
restricted noWadays. Those problems become all the greater 
if a CMC material is additionally exposed to mechanical 
abrasion. Upon that occurrence, neW crystallites of the 
matrix Which are set free all the time can be attacked at loWer 
temperatures and are decomposed very quickly. Moreover, 
gaps in the matrix structure Which have been originated by 
the eluted crystallites offer a possibility for increased 
mechanical attack. Furthermore, the structure of the matrix 
With respect to cracks also plays a part in stress acting on 
CMC materials by mechanical loading, because in the case 
of a matrix With cracks, matrix components can also be 
mechanically pulled out of the composite material much 
more easily. 

Fields of application of CMC composite materials Where 
the mechanical load plays a substantial part are, for example, 
the use of CMC elements as sliding bearing components and 
friction linings, such as brake discs and brake linings. First 
of all, in the ?eld of friction linings, above all carbon-?ber 
reinforced composite materials With a carbon matrix, 
so-called CFC composite materials, have been used. 
HoWever, they had the disadvantage of a temperature resis 
tance of the material, Which is insuf?cient against an oxi 
dative attack. Therefore, efforts are meanWhile being made 
to replace the carbon matrix of the composite material by a 
matrix Which is more resistant to oxidation. In that respect, 
above all, the SiC matrix, Which is resistant to oxidation at 
substantially higher temperatures (1500° C.), is used With 
and Without an additional surface protection layer. 
Therefore, today the use, above all, of carbon-?ber 
reinforced composite materials With a SiC matrix, referred to 
beloW as C/SiC composite materials, is provided for friction 
linings such as brake discs and brake linings. 
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2 
In the meantime there are a number of methods for a 

manufacturing C/SiC composite materials, in particular even 
With the intention of using them as components of brake 
systems. Therefore, methods are described in German 
Published, Non-Prosecuted Patent Application DE 197 10 
105 A1 and German Patent DE 197 11 829 C1 for manu 
facturing C/SiC composite materials Where ?ber bundles 
provided With at least one carbon layer or With a solidi?ed 
layer of a binder are mixed With carbonaceous binders With 
or Without additional ?llers. The mixtures are then pressed 
and cured before they are carboniZed, possibly graphitiZed 
and ?nally in?ltrated With liquid silicon. 
A modi?ed method for manufacturing C/SiC composite 

materials is described in German Patent DE 197 49 462 C1. 
In that case a preform made of a fabric of carbon ?bers is 
in?ltrated in the ?rst instance With a resin and subsequently 
cured. As already described regarding the other methods, a 
green body produced in that Way is then carboniZed, and 
in?ltrated With liquid silicon. 

All C/SiC composite materials manufactured heretofore 
according to the above-described methods have an inhomo 
geneous matrix structure Which, in the case of the methods 
according to German Published, Non-Prosecuted Patent 
Application DE 197 10 105 A1 and German Patent DE 197 
11 829 C1, manifests itself in the matrix having large cracks 
that folloW a path betWeen the individual ?bers and/or ?ber 
bundles of the composite material. That is caused by the 
clearly different coef?cients of thermal expansion of the 
carbon ?bers and the formed SiC of the matrix. As a result 
thereof, during the cooling of the siliconiZed samples, stress 
is induced in the matrix Which relaxes due to the cracks 
(according to an article in WerkstoffWoche [Material Week] 
’98, Volume VII, p. 551). Moreover, the matrix also has 
phases of pure carbon and/or silicon and therefore has no 
homogeneous matrix composition. The carbon Zones oxi 
diZe at higher temperature load, ie are burned-out out of the 
composite material, and the silicon Zones are already melt 
ing at a temperature of about 1400° C. Therefore, those 
methods have heretofore failed to achieve a matrix structure 
of the C/SiC composite materials Which is suitable for 
Withstanding permanent temperature loads at high tempera 
tures. In particularly, they have failed at additional mechani 
cal load. 

In addition, C/SiC composite materials manufactured 
according to the method of German Patent DE 197 49 462 
C1 do not have a homogeneous matrix. In that method of 
manufacture large cracks are already deliberately generated 
in the matrix during the carboniZation process. Those cracks 
are then ?lled during the ?nal siliconiZing With liquid 
silicon, Which reacts With the carbon matrix to form SiC. 
HoWever, carbon Zones in the matrix Which are not totally 
converted into SiC and the structure of the cracks in the 
matrix still exist. 
With those conventionally used methods for manufactur 

ing C/SiC composite materials, it has therefore heretofore 
not been feasible to manufacture a C/SiC composite material 
Which has a fraction of the silicon and carbon phase as small 
as possible and as far as possible has no crack structure or 
a crack structure Which does not have a negative effect 
during stress due to mechanical loading. A C/SiC composite 
material With a fraction of the silicon and carbon phase that 
is as small as possible can nevertheless be achieved With 
another method. In that method according to German 
Published, Non-Prosecuted Patent Application DE 197 36 
560 A1 silicon carbide poWder, Which possesses a ?ne grain 
fraction With an average grain siZe of at most 2 pm and a 
coarse grain fraction With an average grain siZe betWeen 1.5 
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pm and 30 pm, is mixed With the reinforcing ?bers, then 
molded and subsequently sintered. Since a C/SiC composite 
material body With open pores is produced in that Way, it has 
subsequently to be in?ltrated With a carboniZable matter, 
then to be carboniZed and ?nally, as usual, to be in?ltrated 
With liquid silicon and to be siliconiZed. That method of 
manufacture indeed leads to the aim of an improved matriX, 
but compared With the other methods it has the disadvantage 
of requiring, even after the ?rst formation of a SiC matriX, 
a further in?ltration step With a carbon-donating material 
and a subsequent siliconiZing, as a result of Which an 
economical production of C/SiC composite materials is no 
longer provided through the use of the method. Moreover, 
the problem of the crack structure is not solved by that 
method. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the invention to provide a 
?ber-bundle-reinforced composite material having a 
ceramic matriX, a method for manufacturing a composite 
material and a method for manufacturing elements formed 
of a composite material, Which overcome the hereinafore 
mentioned disadvantages of the heretofore-knoWn materials 
and methods of this general type, in Which the materials 
have an improved matriX as compared With the prior art, 
With a phase composition as homogeneous as possible and 
at most a ?ne crack structure and in Which the materials can 
be manufactured according to the heretofore-used methods. 

With the foregoing and other objects in vieW there is 
provided, in accordance With the invention, a composite 
material, comprising a ceramic matriX; and tWo different 
fractions of ?ber bundles including a reinforcing ?ber 
bundle fraction and a matriX ?ber bundle fraction having 
different average ?ber bundle lengths, the fractions of ?ber 
bundles separated by a minimum in a total ?ber bundle 
distribution of the Weight of the ?ber bundles being a 
function of a ?ber bundle length. 

Accordingly, the CMC composite material, on one hand, 
contains a fraction of ?ber bundles Which at least on the 
average have a signi?cantly greater ?ber bundle length than 
that of the other ?ber bundle fraction. 

Composite materials according to the invention possess a 
substantial reinforcing component of the ?ber bundles, i.e. 
bundles of single ?bers. Single ?bers, on the other hand, are 
present in the composite material at most to such an eXtent 
that they do not contribute substantially to the reinforcement 
of the composite material. 

The effect of the ?ber bundles of the ?ber bundle fraction 
having the greater ?ber length in the composite materials 
according to the invention corresponds to the reinforcing 
and ductiliZing effect of ?ber bundles in CMC materials, as 
is already knoWn according to the prior art for CMC 
materials. This ?ber bundle fraction is therefore referred to 
beloW as a reinforcing ?ber bundle fraction. 

HoWever, the effect of the second ?ber bundle fraction 
Which differs from the reinforcing ?ber bundle fraction at 
least by a substantially smaller average ?ber bundle length, 
Was surprising. Other than at the reinforcing ?ber bundle 
fraction, this fraction not only has a reinforcing effect in the 
conventional sense of the prior art. Much more importantly, 
this ?ber bundle fraction With a smaller average ?ber bundle 
length, referred to beloW as a matriX ?ber bundle fraction, 
also in?uences the structure of the CMC composite material. 
This occurs in such a Way that it leads to a homogeneous 
matriX structure, Which distinguishes itself by feWer and 
smaller cracks in the matriX and a uniform distribution of the 
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4 
different substance components of the matriX, so that other 
phases than the intended one are only present in the matriX 
composition to a very small eXtent. 
As a result of the substantially smaller length and mostly 

also smaller thickness and height of the ?ber bundles of the 
matriX ?ber bundle fraction, compared With the length and 
the other dimensions of the reinforcing ?ber bundle fraction, 
the matriX ?ber bundles can be disposed freely in the texture 
of the reinforcing ?ber bundles and, in particular, can ?ll the 
space betWeen the reinforcing ?ber bundles in a Well 
mannered Way. This results in an increased density of the 
CMC composite materials according to the invention and in 
a matriX structure Which becomes substantially more homo 
geneous. This is because a substantially ?ner pore system is 
running through the ?ber bundle skeleton of the composite 
materials according to the invention before the siliconiZing 
than is heretofore knoWn from the prior art. Furthermore, the 
geometrically smaller matriX ?ber bundles also in?uence the 
crack formation in the matriX because the linkage of the 
matriX to the matriX ?ber bundles does not lead to the same 
stress in the matriX as With the reinforcing ?ber bundles. In 
both cases there is indeed a different coef?cient of thermal 
expansion betWeen the matriX and the ?ber bundles. 
HoWever, in the case of the matriX ?ber bundles, stress is 
also originated in the matriX ?ber bundles due to variation of 
the temperature of the ?ber bundle/matrix system, Which 
does not take place in the case of the large rigid reinforcing 
?ber bundles. Accordingly, the content of the stress is 
reduced in the matriX by the added matriX ?ber bundles, as 
a result of Which the matriX of the CMC composite materials 
according to the invention possesses a crack system With 
feWer and smaller cracks. This effect is intensi?ed by the fact 
that, When the matriX is reacting With the ?ber bundles, it is 
particularly the matriX ?ber bundles having smaller dimen 
sions Which are attacked. As a result thereof they lose mass 
so that their reduced remaining mass accommodates stress to 
an increased eXtent due to the different thermal eXpansion of 
the ?ber bundles and the matriX. 
With the objects of the invention in vieW, there is also 

provided a method for manufacturing composite materials 
reinforced With ?ber bundles and having a ceramic matriX, 
Which comprises providing tWo different fractions of the 
?ber bundles including a reinforcing ?ber bundle fraction 
and a matriX ?ber bundle fraction With different average 
?ber bundle lengths, as basic materials; and providing a total 
?ber bundle distribution of the Weight of the ?ber bundles as 
a function of a length of the ?ber bundles With a minimum 
betWeen the average ?ber bundle lengths of the reinforcing 
?ber bundle fraction and the matriX ?ber bundle fraction. 
The invention is distinguished in that the heretofore 

knoWn methods for the manufacture of CMC composite 
materials can be used for the manufacture of the composite 
materials according to the invention, if they use a reinforcing 
?ber bundle fraction and a matriX ?ber bundle fraction 
during the manufacture of the composite materials as 
described above, instead of only one ?ber or ?ber bundle 
fraction as heretofore. In this Way the CMC composite 
materials according to the invention are manufactured only 
by the change of the raW materials, unless the otherWise 
knoWn advantages of the heretofore eXisting methods of 
manufacture fall behind. 
The ?ber bundles, Which the CMC composite materials 

according to the invention contain or Which are used in the 
method according to the invention for the manufacture of 
CMC composite materials, advantageously possess a pro 
tective layer in order to protect them from a too violent 
attack When reacting With the matriX system, so that they do 
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not lose their reinforcing properties. An additionally 
improved protection of the ?ber bundles bonded in the CMC 
composite materials according to the invention can be 
achieved With several possibly different, protective layers 
disposed one on top of the other. The protective layers Which 
are preferentially used are formed of carbon, graphite, 
pyrolytic carbon, TiC, TiN, SiC, titanium diboride, Zirco 
nium diboride, hafnium diboride, compounds based on 
Si,B,C,N and compositions thereof. Another or additional 
?ber bundle protection can be achieved by a coating of the 
?ber bundles used during the manufacture With at least one 
layer of a pyrolyZable binder, Which Was solidi?ed or cured. 
In particular, ?ber bundles coated in this Way can also be 
used in the methods of manufacture according to the inven 
tion. The protective layer is pyrolyZed during the manufac 
ture of the CMC composite materials according to the 
invention. 

All high-temperature-resistant ?bers, but in particular 
carbon ?bers, graphite ?bers, SiC-?bers, aluminum oxide 
?bers, Al2O3SiO2-?bers, Al2O3SiO2B2O3-?bers, carbon 
iZed types of cellulose ?bers, Wood ?bers and other organic 
?bers, as Well as ?bers highly resistant to elevated tempera 
tures based on compounds Which contain Si,C,B,N,Al, can 
be used to reinforce the CMC composite materials according 
to the invention and in methods of manufacture according to 
the invention. Likewise, nano ?bers, Whiskers and nano 
tubes can also be used to reinforce the CMC composite 
materials and in their manufacture, instead of the ?bers 
contained in the ?ber bundles. 

The ceramic matrix of the CMC composite materials 
according to the invention preferentially have at least one 
phase of at least one of the substances carbon, silicon, boron, 
aluminum, Zirconium, and/or alloys from the group includ 
ing silicon carbide, silicon nitride, silicon oxide, boron 
nitride, boron carbide, SiBCN, A1203, ZrO2, TiC, iron 
silicides and other silicides as Well as glass ceramics. It is 
particularly preferred that the composite materials according 
to the invention have a matrix being formed of nearly only 
one of the aforementioned substances and alloys and only 
very feW Zones With a compound adjacent the main phase. 
That means, that With an alloy as a matrix, only small 
fractions of the phases of the individual alloying constituents 
are existing in the matrix. Furthermore, the ceramic matrix 
of the CMC composite materials according to the invention 
can also contain additions of iron, chromium, titanium, 
molybdenum, nickel or aluminum. 

CMC composite materials, Which are already used today 
for technical purposes With great requirements, preferen 
tially contain carbon and graphite ?bers because they are 
available on a commercial scale. They are mostly manufac 
tured by pyrolysis from PAN ?bers, pitch ?bers, mesophase 
pitch, viscose ?bers, phenolic ?bers, polyphenylene ?bers 
and holloW ?bers. Therefore, CMC composite materials 
according to the invention are also preferentially reinforced 
With carbon or graphite ?ber bundles and carbon and graph 
ite ?ber bundles are to be used preferentially in the methods 
of manufacture according to the invention. 

The CMC composite materials according to the invention 
reveal their properties in a particularly pronounced manner 
as C/SiC composite materials, that is to say materials Which 
have a ceramic matrix that essentially contains phases of 
silicon, carbon and silicon carbide. 

There are various possibilities for the manufacture of the 
?ber bundle fractions used in the CMC composite materials 
according to the invention. One possibility Would be to cut 
to siZe fresh ?ber bundles With or Without a protective layer 
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6 
in a cutting unit to de?ned lengths. In this case the length 
distribution of the ?ber bundles in the composite material is 
put together nearly of discrete lengths Which can be com 
posed. In this as Well as in other cases it is possible to 
compose the matrix and/or reinforcing ?ber bundle fraction 
of different ?ber bundle fractions. HoWever, the invention is 
distinguished by the fact that the average ?ber bundle length 
of both fractions is clearly different from each other. 

Another Way of manufacturing ?ber bundles for the 
individual ?ber bundle fractions is that a composite material 
Which already contains the ?ber bundles required for the 
manufacture of the CMC composite material according to 
the invention is converted by crushing and/or grinding 
processes into a grinding stock Which then has ?ber bundles 
of different length from the destroyed composite material as 
constituents. Using a classifying process, for example 
sieving, the grinding stock, that is the individual ?ber 
bundles, can then be split up into individual fractions, Which 
have different dimensions, and in particular different ?ber 
bundle lengths. These ?ber bundle fractions of different 
length distributions, Which have been manufactured in this 
Way, can then be used as matrix and/or reinforcing ?ber 
bundle fractions for the manufacture of composite materials 
according to the invention. After the classifying and in 
particular the sieving of the grinding stock it is alWays 
possible for the individual ?ber bundle fractions to also 
contain, in addition to their ?ber bundles of the provided 
?ber bundle length, a fraction of overlong ?ber bundles, that 
is to say ?ber bundles With a substantially greater ?ber 
bundle length than intended for the fraction. That is because 
such ?ber bundles having an appropriate cross section, to 
some extent, can pass even lengthWise, for example, through 
a sieve. Since these overlong ?ber bundles do not have any 
substantial in?uence on the manufacture of the CMC mate 
rials according to the invention, they can be added in the 
methods of manufacture according to the invention. Thus, 
the ?ber bundle distribution of a CMC composite material 
according to the invention can still have a smaller fraction of 
overlong ?ber bundles, in addition to the matrix ?ber bundle 
fraction and the reinforcing ?ber bundle fraction. 
The CMC composite materials according to the invention 

distinguish themselves by a special selection of the distri 
bution of the geometric dimensions of the ?ber bundles 
contained in them from the CMC composite materials 
according to the prior art. Likewise, the methods of manu 
facture according to the invention improve the manufacture 
of CMC composite materials in such a Way that the distri 
bution of the geometric dimensions of the ?ber bundles used 
in the method is subject to a selection. 

These selected distributions are described beloW and 
recited in the claims as so-called ?ber bundle distributions. 
This should be understood in the folloWing to be the Weight 
distribution of the ?ber bundles in relation to the length of 
the ?ber bundles. In other Words, it can be deduced from the 
distributions, What Weight the ?ber bundles of a certain ?ber 
bundle length have or What Weight fraction the ?ber bundles 
of a certain ?ber bundle length have of the total Weight of the 
?ber bundles. 

The ?ber bundle distributions of the CMC composite 
materials according to the invention and the associated 
methods of manufacture, that is the ?ber bundle distribu 
tions according to the invention for short, distinguish them 
selves in particular by the folloWing features: 
The average ?ber bundle length of the reinforcing ?ber 

bundle fraction usually is betWeen 4 mm and 20 mm, 
preferentially betWeen 5 mm and 16 mm and particularly 
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preferentially between 6 mm and 12 mm. The Width at half 
maximum of the ?ber bundle length distribution of the 
reinforcing ?ber bundle fraction usually is betWeen 0.01 mm 
and 15 mm, preferentially betWeen 0.1 mm and 12 mm and 
particularly preferentially betWeen 1 mm and 8 mm. 

The average ?ber bundlelength of the matrix ?ber bundle 
fraction usually is betWeen 0.2 mm and 5 mm, preferentially 
betWeen 0.5 mm and 4 mm and particularly preferentially 
betWeen 1 mm and 3.5 mm. The Width at half maximum of 
the ?ber bundle length distribution of the matrix ?ber bundle 
fraction usually is betWeen 0.01 mm and 5 mm, preferen 
tially betWeen 0.1 mm and 4 mm and particularly preferen 
tially betWeen 1 mm and 3.5 mm. 

The average ?ber bundle Width of the reinforcing ?ber 
bundle fraction usually is betWeen 0.02 mm and 5 mm, 
preferentially betWeen 0.1 mm and 3 mm and particularly 
preferentially betWeen 0.5 mm and 2 mm. The Width at half 
maximum of the ?ber bundle Width distribution of the 
reinforcing ?ber bundle fraction usually is betWeen 0.05 mm 
and 10 mm, preferentially betWeen 0.1 mm and 7 mm and 
particularly preferentially betWeen 0.5 mm and 3 mm. 

The average ?ber bundle Width of the matrix ?ber bundle 
is fraction usually is betWeen 0.02 mm and 2 mm, prefer 
entially betWeen 0.1 mm and 1 mm and particularly pref 
erentially betWeen 0.3 mm and 0.7 mm. The Width at half 
maximum of the ?ber bundle Width distribution of the 
matrix ?ber bundle fraction usually is betWeen 0.05 mm and 
3 mm, preferentially betWeen 0.1 mm and 2 mm and 
particularly preferentially betWeen 0.5 mm and 1.5 mm. 

The ratio of the average ?ber bundle length of the 
reinforcing ?ber bundle fraction to the average ?ber bundle 
length of the matrix ?ber bundle fraction usually amounts to 
betWeen 1.5 and 10, preferentially betWeen 1.8 and 7 and 
particularly preferentially betWeen 2.1 and 5. 

The ratio of the average ?ber bundle length to the average 
?ber bundle Width of the reinforcing ?ber bundle fraction 
usually amounts to betWeen 2 and 500, preferentially 
betWeen 3 and 100, and particularly preferentially betWeen 
4 and 20. 

The ratio of the average ?ber bundle length to the average 
?ber bundle Width of the matrix ?ber bundle fraction usually 
amounts to betWeen 2 and 500, preferentially betWeen 3 and 
100, and particularly preferentially betWeen 4 and 20. 
A further quantity With Which the geometric dimensions 

of ?ber bundles are often described, is the length/Width/ 
height ratio (L/W/H ratio) of the ?ber bundles, in Which the 
three geometric dimensions of the ?ber bundles, length of 
the ?ber bundle, Width of the ?ber bundle and height of the 
?ber bundle, are considered. In this case the ?ber bundle 
length is ?rst divided by the ?ber bundle Width and subse 
quently by the ?ber bundle height. 

The folloWing statements can be made for the ?ber bundle 
distributions according to the invention. The average length/ 
Width/height ratio of the ?ber bundles of the reinforcing 
?ber bundle fraction usually is betWeen 2 and 50,000, 
preferentially betWeen 5 and 2,000 and particularly prefer 
entially betWeen 10 and 100, and the average length/Width/ 
height ratio of the ?ber bundles of the matrix ?ber bundle 
fraction usually is betWeen 2 and 50,000, preferentially 
betWeen 10 and 5,000 and particularly preferentially 
betWeen 30 and 500. 

Moreover, the ?ber bundle distributions according to the 
invention are distinguished in that the ratio of the Weight of 
the matrix ?ber bundle fraction to the total Weight of the 
?ber bundles usually is betWeen 0.1 and 0.8, preferentially 
betWeen 0.2 and 0.5 and particularly preferentially betWeen 
0.27 and 0.33. 
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The methods of manufacture according to the invention 

for manufacturing CMC composite materials include, 
among others, all methods knoWn from the prior art for 
manufacturing CMC composite materials, in so far as the 
?ber bundles used in the manufacture have a ?ber bundle 
distribution according to the invention. 

Apreferred variant of the methods of manufacture, Which 
folloWs the methods described in German Patent DE 197 49 
462 C1, for example, includes a ?rst step in Which the tWo 
different fractions of ?ber bundles are mixed, they are 
subsequently pressed, and thereafter the molded body manu 
factured in this Way is in?ltrated With polymers, in particular 
pyrolyZable polymers. At that time, additional ?llers can 
also be in?ltrated together With the polymers. 

HoWever, in most of the methods of manufacture accord 
ing to the invention, the tWo different fractions of ?ber 
bundles are added during a mixing process to other com 
ponents for the manufacture of the composite material. The 
tWo different fractions of ?ber bundles are preferentially 
mixed With at least one carboniZable binder during the 
mixing process. Above all, carbon particles, soot, cokes, 
graphite, silicon, carbides, nitrides, iron silicides and other 
silicides as Well as borides are added additionally as ?llers. 

In addition, during the mixing process other binders, for 
example from the group including polyvinyl alcohols, 
methyl, ethyl and butyl celluloses, can also be added. 
Among the carboniZable binders, binders from the group 

including resins and pitches are preferentially used. Resins 
from the group including thermoplastics, phenolic resins, 
furan resins, polyacrylate resins, polyimide resins, cyanate 
resins and epoxy resins are used, above all, among resins. 
Solid and liquid pitches, mesophase pitches, coal tar pitches 
and petroleum pitches are used, above all, as pitches. 
HoWever, binders from the group including polysilanes, 
polycarbosilanes, polysilaZanes, monosaccharides and 
polysaccharides, polyallylcarbodiimides, oils and tars can 
also be used, for example, as carboniZable binders. 
The Weight fraction of the ?ber bundles brought into the 

mixing process usually amounts in all to 50 to 99% of the 
total Weight of the mixture, preferentially 60 to 90% and 
particularly preferentially 65 to 80% of the total Weight of 
the mixture. 
The Weight fraction of the ?ber bundles of the reinforcing 

?ber bundle fraction brought into the mixing process usually 
amounts to 20 to 80% of the total Weight of the mixture, 
preferentially 35 to 65% and particularly preferentially 42 to 
55% of the total Weight of the mixture. 
The Weight fraction of the ?ber bundles of the matrix ?ber 

bundle fraction brought into the mixing process usually 
amounts to 10 to 40% of the total Weight of the mixture, 
preferentially 15 to 35% and particularly preferentially 20 to 
30% of the total Weight of the mixture. 
The mixture obtained by the mixing procedure is mostly 

subsequently compressed. This compressing preferentially 
takes place in a die press, isostatic press, continuous casting 
press, piston stroke press or an extruder, for example a 
screW-type extruder. One skilled in the art, With his or her 
knoWledge of compaction processes, adjusts the pressure 
acting on the mixture in such a Way that at the end of the 
methods of manufacture he or she reaches the CMC com 
posite materials according to the invention. This compress 
ing of the mixture preferentially occurs at an elevated 
temperature, if resins are present as binders in the mixture, 
particularly preferentially at temperatures above the curing 
temperature of the resin binders. HoWever, it is also possible 
to only subsequently subject the compacted molded body to 



US 6,838,162 B1 
9 

a temper process. Thus, With resins as binders it is also 
possible to subject the molded body after the compressing to 
a temper process above the curing temperature of the resin 
binders, in order to thereby cure the molded body. 

With methods of manufacture according to the invention 
for producing CMC composite materials, having a matrix 
Which contains carbon and/or carbides, for example C/SiC 
composite materials, the binders are mostly carboniZed in a 
further process step. 

Furthermore, the methods of manufacture according to 
the invention can also include process steps Wherein car 
boniZable substances are brought once or several times into 
a pore system of the composite material to be manufactured 
through the use of a CVI process or impregnation, and the 
composite material to be manufactured is subsequently 
exposed to a carboniZation step. These process steps are then 
preferentially used if a CMC composite material, having a 
matrix Which contains carbon and/or carbides, is to be 
manufactured or is to be compacted during the manufactur 
ing. 

The above-described carboniZation steps for the compos 
ite materials can be folloWed by the graphitiZation of the 
carboniZed crude products at temperatures above 2000° C. 
as a further process step. 

Methods of manufacture according to the invention for 
CMC composite materials, having a matrix Which also 
contains silicon and/or silicides, for example C/SiC com 
posite materials, preferentially include a ?nal process step, 
in Which a siliconiZing is carried out. This ?nal siliconiZing 
can be carried out through the use of the in?ltration of liquid 
silicon or silicon alloys from the group including iron, 
chromium, titanium, molybdenum, nickel and aluminum 
silicides or the CVI deposition of silicon, silicon carbide or 
other silicon compounds. 
A further embodiment of the methods of manufacture 

according to the invention for producing composite materi 
als With a SiC matrix, such as C/SiC composite materials, 
folloWs the methods described in German Published, Non 
Prosecuted Patent Application DE 197 36 560 A1, although 
With the ?ber bundle fraction being used having a ?ber 
bundle distribution according to the invention. 

In these methods of manufacture, the ?ber bundles are 
?rst mixed With carbon poWder and/or silicon carbide poW 
der and/or molybdenum disilicide poWder and/or boron 
carbide poWder and/or boron nitride poWder and/or alumi 
num nitride poWder and/or titanium carbide poWder. 
Moreover, solvents can also be added to the mixture. After 
the mixing, the mixture is then compressed according to the 
process steps described above. The molded body formed 
after the compressing is subsequently sintered, then impreg 
nated With carboniZable substances and carboniZed. Finally, 
a siliconiZing step as described above also takes place in this 
case. 

With the objects of the invention in vieW, it is additionally 
provided that the CMC composite materials according to the 
invention are used above all for great temperature stress, that 
is to say, for example, as parts of gas turbines such as turbine 
Wheels, parts of burners, noZZles and parts thereof, hot-gas 
pipes, measuring probes, jacket tubes for probes, thermal 
protective components of space carriers and aircraft engines, 
thermal shields, carrier components for mirrors, antennas 
and re?ectors, missile components, ?re grates and compo 
nents of heat exchangers. HoWever, the preferred range of 
application of the CMC composite materials according to 
the invention is Where a mechanical load is still added to the 
great temperature stress. Examples of such applications are 
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10 
friction materials such as brake discs and brake linings for 
aircraft, rail vehicles and motor vehicles and components of 
sliding bearings and sliding elements. 

Other features Which are considered as characteristic for 
the invention are set forth in the appended claims. 

Although the invention is illustrated and described herein 
as embodied in a ?ber-bundle-reinforced composite material 
having a ceramic matrix, a method for manufacturing a 
composite material and a method for manufacturing ele 
ments formed of a composite material, it is nevertheless not 
intended to be limited to the details shoWn, since various 
modi?cations and structural changes may be made therein 
Without departing from the spirit of the invention and Within 
the scope and range of equivalents of the claims. 
The construction and method of operation of the 

invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph of ?ber bundle length plotted against 
Weight distribution in relation to the ?ber bundle length, for 
a CMC composite material according to the invention; 

FIG. 2 is graph similar to FIG. 1 for another CMC 
composite material according to the invention; 

FIG. 3 is a graph similar to FIG. 1 for a sieve fraction; 

FIG. 4 is a graph similar to FIG. 1 for a further CMC 
composite material according to the invention; 

FIG. 5 is a fragmentary, diagrammatic vieW of a structure 
of a CMC composite material according to the prior art as 
seen, for example, in a micrograph; and 

FIG. 6 is a vieW similar to FIG. 5 of a CMC composite 
material according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW to the ?gures of the draWings in detail and 
?rst, particularly, to FIG. 1 thereof, there is seen an example 
of a total ?ber bundle distribution 1 of a CMC composite 
material according to the invention. In this case, a distinction 
is to be made betWeen a ?ber bundle distribution 2 of a 
matrix ?ber bundle fraction and a ?ber bundle distribution 3 
of a reinforcing ?ber bundle fraction. The total ?ber bundle 
distribution 1 results from a sum of the ?ber bundle distri 
butions 2 and 3. It can be clearly seen that an average ?ber 
bundle length of a matrix ?ber bundle fraction 4 is clearly 
different from that of a reinforcing ?ber bundle fraction 5. 
As a result, the total ?ber bundle distribution 1 possesses a 
minimum 6 betWeen the average ?ber bundle lengths 4 and 
5. Furthermore, the ?ber bundle distribution of the indi 
vidual ?ber bundle fraction can be characteriZed, among 
other things, by the Width of half of a maximum 7 of 
individual ?ber bundle distributions of a matrix ?ber bundle 
fraction and the Width of half of a maximum 8 of a 
reinforcing ?ber bundle fraction. 

FIG. 2 shoWs a total ?ber bundle distribution 1 of another 
CMC composite material according to the invention. This 
?ber bundle distribution distinguishes itself by the fact that 
the ?ber bundle distribution of the matrix ?ber bundle 
fraction 2 as Well as that of the reinforcing ?ber bundle 
fraction 3 has a very small Width at half the respective 
maximum 7, 8. A gap 9 in the total ?ber bundle distribution 
1 results therefrom. The ?ber bundle distribution shoWn 
herein occurs, for example, if ?ber bundles Which are used 
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in the process of manufacture of the CMC composite 
material Were cut to siZe to de?ned lengths for both ?ber 
bundle fractions. 

FIG. 3 shoWs a total ?ber bundle distribution 10 of a sieve 
fraction Which results, for example, if a composite material 
containing C-?ber bundles Was ground and a grinding stock 
Was separated in a screening plant into individual sieve 
fractions. During the sieving, not only ?ber bundles of a 
?ber bundle distribution 11 intended for the fraction pass 
through the sieve, but it is also possible for a certain fraction 
of very long ?ber bundles to pass lengthWise through sieve 
apertures, as long as the cross section of the ?ber bundle 
alloWs it. The result of this is that each sieve fraction has a 
fraction of overlong ?ber bundles having a distribution 12 in 
FIG. 3 above the distribution of the actual sieve fraction 11. 
The tWo distributions 11 and 12 add up to the total ?ber 
bundle distribution 10 of a sieve fraction. HoWever, the 
Width at half maximum 13 of the sieve fraction is not 
in?uenced by the fraction of overlong ?ber bundles. 

FIG. 4 shoWs the total ?ber bundle distribution 1 of 
another CMC composite material according to the invention. 
In this example the ?ber bundles of the composite material 
are composed of individual sieve fractions. The matrix ?ber 
bundle fraction is formed of one sieve fraction, having a 
?ber bundle distribution 2 Which again possesses an extra 
fraction of overlong ?ber bundles 16. The reinforcing ?ber 
bundle fraction in this example is composed of tWo sieve 
fractions, having ?ber bundle distributions 14 and 14‘ Which 
are shoWn individually in FIG. 4. In this Way, the total ?ber 
bundle distribution 1 has a small minimum 19 in the range 
of the reinforcing ?ber bundle fraction betWeen averages 15 
and 15‘ of the individual sieve fractions. HoWever, this is 
substantially less pronounced than the minimum 6 of the 
total ?ber bundle distribution betWeen the matrix ?ber 
bundle fraction and the reinforcing ?ber bundle fraction. 
Due to the composition of the reinforcing ?ber bundle 

fraction of the tWo sieve fractions, the ?ber bundle distri 
bution of the reinforcing ?ber bundles possesses a substan 
tially greater Width at half maximum 8 than at a half 
maximum 7 of the matrix ?ber bundle distribution. 
Furthermore, it is also characteristic in this distribution, that 
the fractions of the overlong ?ber bundles of the individual 
sieve fractions, that is to say the fraction of the matrix ?ber 
bundles 16 With those of the individual sieve fractions of the 
reinforcing ?ber bundles 17 and 17‘, add up to a total ?ber 
bundle distribution of overlong ?ber bundles 18 in the 
composite material. 

FIG. 5 diagrammatically illustrates the structure of a 
CMC composite material according to the prior art as can be 
observed, for example, in a micrograph. Initially, it is noted 
that ?ber bundles 20, 20‘, 20“ and 20‘“ Which are shoWn in 
a composite material are aligned unidirectionally in this 
example to simplify matters, but in general can also assume 
any other position With respect to each other. Furthermore, 
a remaining area of the section shoWs a ceramic matrix 24 
of the composite material. This matrix has Wide cracks, such 
as 22, 22‘, 22“, 22‘“ and 22““, running through it. The cracks 
folloW a path from ?ber bundle to ?ber bundle and are 
mostly created during cooling of the composite materials 
after their manufacturing, but can also be generated by great 
thermal stress on the materials. The cause of this crack 
formation, as already explained above, is the different ther 
mal expansion behavior of the ?ber bundles and the matrix 
Which, in the case of thermal loads, leads to stress in the 
matrix, that then relaxes due to the crack formation. 

FIG. 6 is a diagrammatic representation similar to FIG. 5 
shoWing the structure of a CMC composite material accord 
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ing to the invention, as can be observed, for example, in a 
micrograph. It can be seen that a portion of reinforcing ?ber 
bundles 20, 20‘ has been replaced by matrix ?ber bundles 21, 
21‘, 21“, 21‘“, 21““ Which are shorter and mostly also thinner 
as compared With the example shoWn in FIG. 5. Despite the 
unidirectional alignments of the reinforcing ?ber bundles, 
the shorter matrix ?ber bundles can be disposed in any 
direction betWeen the reinforcing ?ber bundles. A further 
essential difference is found in that the matrix 24 of the 
CMC composite material according to the invention has a 
completely different crack structure. The only cracks 23, 23‘, 
23“, 23‘“, 23““ that are found in the matrix are substantially 
smaller and are present to a lesser extent than those found in 
the structure of the corresponding CMC composite materials 
according to the prior art shoWn in FIG. 5. Moreover, the 
cracks, for example 23, 23““, do not display such a uniform 
alignment betWeen the reinforcing ?ber bundles as com 
pared to those shoWn in the structure of FIG. 5. Furthermore, 
it can be observed that a portion of the cracks, for example 
the crack 23““‘, does not have a path from ?ber bundle to 
?ber bundle, but instead starts from a ?ber bundle, for 
example 21““ and ends in the matrix. As already discussed 
above, this crack structure results because, in the case of a 
thermal load on the CMC composite materials according to 
invention, the stress caused by the different thermal expan 
sion behavior of the ?ber bundles and the matrix occurs not 
only in the matrix itself, but also in the matrix ?ber bundles. 
The loWer stress energy stored in the matrix system leads to 
only a portion of this energy being degraded by Way of 
cracks. The reduced siZe of the cracks and the ending of 
cracks in the matrix itself is also typical the re for. 

In the folloWing, the CMC composite materials according 
to the invention and the improvements associated With them 
may be represented in an exemplary manner for C/SiC 
composite materials. In this respect, the C/SiC composite 
materials are only an example of the CMC composite 
materials according to the invention. According to the expla 
nations given above, similar results can also be observed 
With other CMC systems. 

In these examples, C/SiC composite materials according 
to the invention, Which Were manufactured on the basis of a 
reinforcing ?ber bundle fraction and a matrix ?ber bundle 
fraction according to a method disclosed in German 
Published, Non-Prosecuted Patent Application DE 197 10 
105 A1, shall be compared With corresponding C/SiC com 
posite materials Which, hoWever, have only one ?ber bundle 
fraction. 
Exemplary samples included the folloWing ?ber bundle 
constituents: 

TABLE 1 

Composition of ?ber bundle fractions of the examples 

Matrix ?ber 
bundle fraction 

Reinforcing ?ber 
bundle fraction 

Average Average 
Fiber Fiber Fiber Fiber 
Bundle Bundle Bundle Bundle 

Sample Weight Length Weight Length 
No. [%] [mm] [%] [mm] 

1 O — 100 18 z 2.7 

2 O — 100 15 z 2.55 

3 O — 100 11 z 2.5 

4 2O 3 1 5 8O 16 z 2.6 
5 2O 3 z 1 5 8O 15 z 2.55 
6 2O 3 1 5 8O 11 z 2.5 
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TABLE l-continued 

Composition of ?ber bundle fractions of the examples 

Matrix ?ber 
bundle fraction 

Reinforcing ?ber 
bundle fraction 

Average Average 
Fiber Fiber Fiber Fiber 
Bundle Bundle Bundle Bundle 

Sample Weight Length Weight Length 
No. [%] [mm] [%] [mm] 

7 30 3 z 1.5 12 15 z 2.55 
18 11 z 2.5 

40 8 z 2.5 

The ?ber bundle fractions used in the samples in this case 
have the following ?ber bundle thicknesses: 

TABLE 2 

Dimensions of the individual ?ber bundle 
fractions of the examples 

Average Fiber Bundle Average Fiber Bundle 
Length [mm] Thickness [mm] 

3 r 1.5 0.5 r 0.4 

8 r 2.5 1.46 r 0.7 

11 r 2.5 1.46 r 0.75 

15 r 2.55 1.46 r 0.8 

16 r 2.6 10 r 1.5 

18 r 2.7 15 r 2.5 

All 7 samples of the examples were manufactured as 
follows: 

First of all, a prepreg was manufactured from 3K carbon 
?ber bundles (3000 single ?laments). The carbon ?bers 
being used therefore have been manufactured on the basis of 
PAN ?bers. For this purpose, the ?ber bundles were inter 
laced to a twill fabric and the fabric was subsequently 
saturated in phenolic resin (resol type) and provided with a 
release paper on both sides. After this, the resinated fabric 
was heated to 130° C. in order to establish tackiness of the 
prepreg. 

Subsequently, the prepreg plates were placed one on top 
of the other and pressed to form a compact. This was 
subsequently baked at 900° C., at which a ?ring curve has 
a gradient of 5° C. per minute in a range between 400° C. 
and 600° C. A CFC body obtained in this way was subse 
quently impregnated three times in succession in each case 
?rst with a coal tar pitch having a softening point of 60° C. 
and then also baked at 900° C. in order to compact it further. 

The CFC body obtained in this way was then ?rst crushed 
in a jaw crusher (manufacturer: Alpine Hosokawa) and 
subsequently cut into ?ber bundles in a cutting mill 
(manufacturer: Alpine Hosokawa). Finally, the ?ber bundles 
were classi?ed in a wobble screening plant (manufacturer: 
Allgaier) into individual ?ber bundle fractions, at which 
mesh bottoms (sieve area 1.15 m2) have a clear mesh 
aperture of 0.5 mm, 1 mm, 2 mm, 3 mm, 4 mm and 6 mm 
in accordance with ISO 9044. The ?ber bundle fractions 
described above were obtained as a result of this sieve 
procedure. In each case, the value after the 1 sign indicates 
the half width at half maximum of the individual fractions, 
which are to be gathered from the ?ber bundle distribution 
of the weight of ?ber bundles of the individual ?ber bundle 
fractions relating to the ?ber bundle length and ?ber bundle 
width. 

After this, a mixture being formed of 70% of the total 
weight of ?ber bundles according to the compositions shown 
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above, 21% of the total weight of phenolic resin (resol type) 
as a binder and 9% of the total weight of coal tar pitch 
(softening point: 230° C.), was produced for each sample in 
a Z-arm kneader (manufacturer: Werner & P?eiderer). The 
mixtures were subsequently pressed in a die press at a 
speci?c pressure of 12 Kp/cm2 and a temperature of 130° C. 
This was followed by a carboniZation of the samples at 900° 
C. under inert gas and a graphitiZation of the samples at 
2000° C. for 24 hours. Finally, an in?ltration of the samples 
at 1700° C. with liquid silicon took place in a vacuum with 
a silicon supply of one and a half times the weight of the 
samples, as a result of which the SiC structure of the matrix 
of the samples was generated. 
When observing polished sections of the above samples in 

an optical microscope, the differences in the structure of the 
matrix of the samples can be clearly seen, depending on 
whether or not they contain a matrix ?ber bundle fraction. 
The observed structures correspond to the diagrammatic 
representations of FIGS. 5 and 6. Whereas the samples 
which only contain a reinforcing ?ber bundle fraction have 
large cracks in a considerable number in the matrix and the 
cracks have a path from ?ber bundle to ?ber bundle, the 
structure of the C/SiC samples according to the invention 
exhibits only ?ne cracks in a somewhat reduced number, at 
which the cracks partly starting from a matrix ?ber bundle 
end in the matrix. 
The change and greater density of the C/SiC samples 

according to the invention can also be seen with the help of 
their densities which are given for samples in Table 3. 

Moreover, the phase fractions of the individual phases 
silicon, carbon and SiC contained in the samples are given 
by weight percent in Table 3. It can be seen that the fraction 
of the phases silicon and carbon is clearly reduced in the 
C/SiC samples according to the invention, which substan 
tially improves the possibilities for using these materials. In 
this case, it has furthermore to be considered that the carbon 
fraction to a large portion originates from the carbon ?ber 
bundles. Such materials were very suitable in particular in 
cases of applications with a mechanical load, such as friction 
linings. Good results have already been achieved with such 
materials, above all as brake discs. 

TABLE 3 

Density of the samples and composition 
of the samples in weight percent 

Weight Weight Weight 
Density Fraction Fraction Fraction 

Sample No. [g/cm3] SiC [%] Si [%] C [%] 

1 2.10 31.2 24.8 44.0 
2 2.01 30.0 25.0 45.0 
3 2.08 30.0 25.2 44.8 
4 2.43 51.8 16.7 31.5 
5 2.41 51.2 16.5 32.3 
6 2.43 51.6 16.5 31.9 
7 58.0 11.0 31.0 

We claim: 
1. A composite material, comprising: 
a ceramic matrix consisting of phases of silicon, carbon, 

and silicon carbide; and 
?ber bundles having two different fractions including a 

reinforcing ?ber bundle fraction and a matrix ?ber 
bundle fraction having lengths with different averages, 
each of said ?ber bundles having a weight, said weights 
being proportional to said ?ber bundle lengths, said 
weights being plotted to a graph of weight distribution 
versus ?ber bundle length, said graph exhibiting a 
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minimum between a ?rst part of said distribution graph 
relating to said reinforcing ?ber bundle fraction and a 
second part of said distribution graph relating to said 
matrix ?ber bundle fraction; 

a portion of said ?ber bundles having at least one pro 
tective layer. 

2. The composite material according to claim 1, Wherein 
said ?ber bundles contain ?bers selected from the group 
consisting of carbon ?bers, graphite ?bers, SiC-?bers, alu 
minum oxide ?bers, Al2O3SiO2-?bers, Al2O3SiO2B2O3 
?bers, carboniZed cellulose ?bers, carboniZed Wood ?bers, 
and ?bers resistant to elevated temperatures based on com 
pounds containing Si,C,B,N,Al. 

3. The composite material according to claim 1, Wherein 
said ?ber bundles contain at least one of nano ?bers, 
Whiskers, and nanotubes. 

4. A composite material, comprising: 
a ceramic matrix consisting of phases of silicon, carbon, 

silicon carbide, and a phase selected from the group 
consisting of phases of aluminum, Zirconium, silicon 
nitride, boron nitride, boron carbide, SiBCN, A1203, 
ZrO2, TiC, and an iron silicide; and 

?ber bundles having tWo different fractions including a 
reinforcing ?ber bundle fraction and a matrix ?ber 
bundle fraction having lengths With different averages, 
each of said ?ber bundles having a Weight, said Weights 
being proportional to said ?ber bundle lengths, said 
Weights being plotted to a graph of Weight distribution 
versus ?ber bundle length, said graph exhibiting a 
minimum betWeen a ?rst part of said distribution graph 
relating to said reinforcing ?ber bundle fraction and a 
second part of said distribution graph relating to said 
matrix ?ber bundle fraction. 

5. A composite material, comprising: 
a ceramic matrix consisting of phases of silicon, carbon, 

silicon carbide, and a phase selected from the group 
consisting of phases of aluminum, Zirconium, silicon 
nitride, boron nitride, boron carbide, SiBCN, A1203, 
ZrO2, TiC, iron silicides, and additions selected from 
the group consisting of iron, chromium, titanium, 
molybdenum, and nickel; and 

?ber bundles having tWo different fractions including a 
reinforcing ?ber bundle fraction and a matrix ?ber 
bundle fraction having lengths With different averages, 
each of said ?ber bundles having a Weight, said Weights 
being proportional to said ?ber bundle lengths, said 
Weights being plotted to a graph of Weight distribution 
versus ?ber bundle length, said graph exhibiting a 
minimum betWeen a ?rst part of said distribution graph 
relating to said reinforcing ?ber bundle fraction and a 
second part of said distribution graph relating to said 
matrix ?ber bundle fraction. 

6. The composite material according to claim 4, Wherein 
said ?ber bundles are carbon and graphite ?ber bundles. 

7. The composite material according to claim 1, including 
a fraction of overlong ?ber bundles, in addition to said 
reinforcing ?ber bundle fraction and said matrix ?ber bundle 
fraction. 
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8. The composite material according to claim 1, Wherein 

at least one of said reinforcing ?ber bundle fraction and said 
matrix ?ber bundle fraction are composed of several ?ber 
bundle fractions With different average ?ber bundle lengths. 

9. The composite material according to claim 1, Wherein 
said average ?ber bundle length of said reinforcing ?ber 
bundle fraction is betWeen 4 mm and 20 mm. 

10. The composite material according to claim 1, Wherein 
said average ?ber bundle length of said matrix ?ber bundle 
fraction is betWeen 0.2 mm and 5 mm. 

11. The composite material according to claim 1, Wherein 
said reinforcing ?ber bundle fraction has an average ?ber 
bundle Width betWeen 0.02 mm a 5 mm. 

12. The composite material according to claim 1, Wherein 
said matrix ?ber bundle fraction has an average ?ber bundle 
Width betWeen 0.02 mm and 2 mm. 

13. The composite material according to claim 1, Wherein 
a ratio of said average ?ber bundle length of said reinforcing 
?ber bundle fraction to said average ?ber bundle length of 
said matrix ?ber bundle fraction is betWeen 1.5 and 10. 

14. The composite material according to claim 1, Wherein 
a ratio of said average ?ber bundle length of said reinforcing 
?ber bundle fraction to an average ?ber bundle Width of said 
reinforcing ?ber bundle fraction is betWeen 2 and 500. 

15. The composite material according to claim 1, Wherein 
a ratio of said average ?ber bundle length of said matrix ?ber 
bundle fraction to an average ?ber bundle Width of said 
matrix ?ber bundle fraction is betWeen 2 and 500. 

16. The composite material according to claim 1, Wherein 
said reinforcing ?ber bundle fraction has an average length/ 
Width/height ratio of betWeen 2 and 50,000. 

17. The composite material according to claim 1, Wherein 
said matrix ?ber bundle fraction has an average length/ 
Width/height ratio of betWeen 2 and 50,000. 

18. The composite material according to claim 1, Wherein 
a ratio of a Weight of said matrix ?ber bundle fraction to a 
Weight of all ?ber bundles is betWeen 0.1 and 0.8. 

19. The composite material according to claim 1, Wherein 
said reinforcing ?ber bundle fraction has a Width at half 
maximum of said ?rst part of said graph relating to said 
reinforcing ?ber bundle fraction betWeen 0.01 mm and 15 
mm. 

20. The composite material according to claim 1, Wherein 
said matrix ?ber bundle fraction has a Width at half maxi 
mum of said second part of said graph relating to said matrix 
?ber bundle fraction betWeen 0.01 mm and 5 mm. 

21. The composite material according to claim 1, Wherein 
said phases of silicon in said ceramic matrix are elemental 
silicon. 

22. The composite material according to claim 1, Wherein 
said phases of carbon in said ceramic matrix are elemental 
carbon. 


